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Abstract  
Based on simulation of one-dimensional coal and gas outburst and energy conservation principle, a mechanism on 
spalling lamination and a formula of the lamination characteristic length were promoted. The performance of 
simulations in different gas pressure conditions showed that the formula was appropriate to the test results. Before 
the appearance of spalling lamination, a sudden strain change occurred in failure point which may fail later. During 
the unloading stress wave’s propagation in the coal-gas medium, coal would fail as maximum tensile stress beyond 
the criterion, and then spalling or crush happened. The spalling lamination was disc-shaped without friction, and 
cone-shaped with friction. Only when gas pressure was bigger than 10 atmospheric pressures, coal crushed out. But 
there was no coal-gas outburst under 7 atmospheric pressures. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Coal and gas outburst is a serious process of mining disaster, and also a complex dynamic process [1-
3]. Outburst sequences four stages--preparation, initiation, development and termination [3]. But the 
initiation stage is a sudden change point, the detail of process could not be observed in either laboratory 
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or field experiments [3-5]. In the paper, a simulation was taken by the software LS-DNA for the purpose 
of researching the process. 
2.Device of One Dimension Coal-gas Outburst 
The following Fig.1 is the real experiment device [6] for outburst, which also is the model for our 
simulations. 
Fig.1 the experiment device of coal-gas outburst  
3.The Constitutive Model
The model was proposed by T. J. Holmquist and G.R.Johnson and W.H.Cook, which is used to 
calculate the mechanical behavior of rock and concrete materials in the cases of large strain, high strain 
rate and high pressure [7]. The equivalent strength varies with parameters of pressure, strain rate and 
damage’s changing. And damage strongly relates with plastic strain and pressure. 
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In Eq. 1, '* / CfVV   is normalized stress, where V  is the real equivalent stress and 'Cf  is quasi-
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increment of equivalent plastic strain and PP' is plastic volume strain increment in an integration step. 
4.Spalling Phenomena and Spalling Mechanism 
According to former research, unloaded discontinuous stress wave propagation occurred when sudden 
discharge. Coal would vibrate and station could transfer from pressure to tensile again and again until 
disappearing. As we know, coal can not bear too much tensile stress, so when it reaches the failure tensile 
stress the lamination will appear. 
4.1.Numerical Simulation  
In the model, left edge is fixed all the degrees of freedom and right edge is free. The model size 
is cmRcm 5.150 u  with a gas pressure 70000 Pa. The simulation result is shown in Fig. 2 with no 
friction effect and Fig.3 with friction effect. 
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Fig.2 laminations in one dimension coal-gas outburst with no friction at 20us  
From Fig.2, laminations are disc-shaped and the characteristic lengths gradually reduce with the 
propagation of unload stress wave.
a. 1/4 model at 110.93us 
b. 1/4 model at 236.85us 
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( )
c. entire model at 110.93us 
 d. entire model at 236.85us 
Fig.3 laminations in one dimension coal-gas outburst with friction effects 
The Fig.3 shows that the laminations are cone-shaped. Obviously, the propagation speed is lower than 
that without friction effects and the lamination would appear completely under the driven by gas. As we 
take the gas effect simply as pressure, the laminations are approximate in the simulation. But in the 
condition of sudden unload the gas has not chance to react too much. The simulation is sufficiently 
precise.
Spalling lamination generates in a time level of ms or us. Because the effective stress along free edge 
is zero, there is a distance from free edge where spalling appears. Then a new free edge would lead next 
spalling. Spalling laminations successively reduce due to a reason that elastic potential energy gradually 
turns into kinetic energy. The lamination disappears when the tensile stress can not reach the failure 
strength. 
Crush and spalling are two important failure forms in coal-gas outburst under the influence of unload 
stress wave. Actually crush can be considered as a special type of spalling with a very small lamination 
characteristic lengths. 
4.2.Mechanism of Spalling Lamination 
Without the influence of friction, we consume that the energy of the fracture lamination completely 
comes from its elastic potential energy. Thus, if the maximum tensile stress maxV  caused by sudden 
unload is larger than the failure strength, a formula coupled with breaking energy can be achieved as 
follow, 
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where 0g is breaking energy of material, E is Young’s Module, A is a constant parameter of materialˈ
s is ligament rupture area. From Eq. 2, characteristic length of lamination is 
TV cos
2
2
max A
x                                                                                                  (3) 
T  is the angle between fracture area and cross section. Dim E as attenuation coefficient, Eq. 3 can be 
updated as 
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4.3.Sudden Strain Change in Failure Point and Lamination Characteristic Length 
Sudden strain change happens in the place of future free edge, which indicts a new lamination will 
come out. Inferring from Fig.4, Element A and C are failing after sudden strain change and then deleted 
by LS-DYNA automatically. As Element B locates between A and C,Element B is a part of lamination(in 
Fig2.).  
Fig.4 the curves of elements equivalent strain versus time 
By our statistics, a maximum tensile stress curve in axial direction was obtained as Fig.5. 
Fig.5 the maximum tensile stress along axial during sudden unload 
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The amount of spalling laminations depends on the material tensile failure stress. The magnitude of 
characteristic lengths has a relation of 321 CLCLCL !! . More precisely, we make tabulation as 
Table.1.  
TABLE.1 Characteristic length in different gas pressure (A=1.26E-10m2N-2) 
Ratio of Gas 
Pressure and Air 
Pressure
7.0 7.5 8.0 8.5 9.0 
Simulation 
Results/cm 
3 2.5 2.5 2 1.5 
Eq.3 Results/cm 3.24 2.55 2.48 2.20 1.33 
Concluding from Table.1, characteristic length decreases as gas pressure increases. When the length of 
spalling lamination is sufficient small, it becomes a crush. In our simulation, the crush happens with a gas 
pressure of 10 atmospheric pressures. But if gas pressure is lower than 7 atmospheric pressures, there is 
neither crush nor spalling.
5.Conclusions 
(1) A formula of spalling lamination characteristic length is achieved. The expression 
is
TV cos
2
2
max A
x  . It is coincided with the simulation results. 
(2) When sudden unload, the unload stress wave propagates faster than gas pressure effects. During 
propagation, coal will fail as maximum tensile stress beyond the criterion. Then spalling or crush happens. 
(3) The spalling lamination is disc-shaped without friction, and cone-shaped with friction. When gas 
pressure is bigger than 10 atmospheric pressures, crush happens. There is no coal-gas outburst under 7 
atmospheric pressures. 
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